It is an exploratory study of technological innovation in the electro-medical equipment sector, encompassing an analysis of trends in Latin America. The methodological bases for the study are the procedures and indicators used in bibliometric studies and it uses as its body of analysis the invention patents available in the European Patent Office. The research study made it possible to perform qualitative analyses aimed at understanding the technological innovation behavior of institutions operating in the area. It also allowed us to show the relative position of each company, sector or country in relation to the potential competition. It is hoped that these results will be able to provide support for public policies which underpin innovation in this sector.
Introduction
The dramatic and increasing reduction in the time required for the development and incorporation of scientific activities into technological and production processes has made the innovation cycle increasingly shorter and more of a challenge, placing demands on governments, businesses and universities for quicker and more integrated forms of participation.
New innovation models are dealt with by Moreira and Velho (2008) , showing that knowledge is produced concurrently with its application, often eliminating the gap between the production and application scenarios. In this new model, intellectual authorship merges with ownership rights from which emerges the symbol of the patent document.
The product of an accommodation between the creation of knowledge and the potential for strategic application in the innovation of products or processes, the patent is of fundamental importance to the system of innovation: on the one hand it is the guarantee which safeguards against the appropriation of new technologies by third parties prior to the expiry of the period granted to the holder of the exploitation rights, but on the other hand, it also demonstrates the stage of the growth in technological research in companies, industrial sectors, countries and regions. Using information content included in the patent documents, indicators are created which, amongst others, help with the resolution of specific technological problems, in determining the characteristics of cooperation in innovation, in the appreciation of the technological balance sheet, the analysis of the historical and evolving development of technology and, crucially, the improvement of companies' competitiveness. Moreover, these analyses permit us not only to find out but also to describe and rate the content and the flow of information mobilized in the construction of innovation knowledge, to assist with understanding and evaluating the capacity for innovation, paint a picture of the progress being made with innovative activities, help with the establishment and/or updating of policies and technology management, whatever the sector, country or region Olivastro, 1992; Narin, 1994 Narin, , 1995 Callon, Courtial, and Penan, 1995; Schmouch, 1997; Meyer, 2000; Spinak, 2003) .
Researchers in various fields of knowledge, particularly Information Science (Fujino, 2006; Hyodo, 2010; Maricato, 2010) , have dedicated themselves to research aimed at a better understanding of the relationship between scientific and technological production, so as to provide support for public policies that foster innovation, that will make it possible to shorten the time and processes for getting the results of the research into production. On the other hand, bibliometric studies have been carried out (Maricato, 2010; Pereira; Bazi, 2009 ) with the aim of painting a picture of the stages of development in specific sectors or countries, using a variety of indicators including patent production. These studies have shown themselves to be extremely promising in identifying institutional or government policies that sometimes encourage basic research via direct financial support to researchers or academic research groups, or foster cooperation between the stakeholders in the same innovation network or support the production sector by way of policies of duty exemptions or fiscal incentives.
Though heavily quantitative, they do enable qualitative analyses aimed at understanding the technological or innovative behaviors of companies operating in the area of knowledge or within the limits established by the analysis. For the success of these studies, a significant contribution is made by methods that permit cross-analyses to be made between patents, holders of ownership rights, authors/inventors and, above all, contextual analyses that take into account government policies and actions, business associations etc. in parallel with the numerical application data.
Nevertheless, studies on patent capacity or the behavior of many companies are still not sufficient, which makes it difficult to perform sector or global analyses.
With the coming of new information and communication technologies, as well as the advent of the internet and policies of transparency adopted by various government bodies, access to patent databases has enabled advances in this type of study, with a significant possibility of contributing to an improvement in the management of innovation in companies or countries, since if, on the one hand, the current scenario is epitomized by competitiveness between businesses, on the other hand, studies of this kind allow the relative position of each business, sector or country to be demonstrated in relation to its potential competitors. For governments, it is essential for providing the support for public policies, hence the importance and relevance of this type of study within the realm of Administration and particularly for studies into innovation management.
In selecting the electro-medical equipment sector, this study seeks to plug a gap in our understanding of the stage of development of the technological research of companies, sectors, countries and regions in a high-technology sector and steady funding in various different countries. Being technology-intensive and subject to strong international competition, and due to its social nature, being connected to the health services, responsible for the significant investment of small, medium and large-sized companies, it is extremely important to understand the characterization of this sector within Latin America. cation for measuring data and execution of the results. The identifi ed data were graphed using the Microsoft Excel and Ucinet / NetDraw programs.
Results and Discussion
A total of 169,756 records were retrieved from the European Patent Offi ce database (Esp@cenet) of patents, in the electro-medical equipment sector, fi led globally between 1961 and 2010 (Appendix I). Based on this survey, it was possible to paint a picture of technological development in the sector and of the policies of innovation management adopted in Latin America. Four indicators were evaluated for this purpose:
-total number of records for Latin America: of the total of 169,756 patent records worldwide, 1,687 records were identifi ed as being fi led in Latin America, corresponding to approximately 1% of global production. Of the Latin America total, three countries in particular stand out in terms of the registration of applications (Graph 1).
Of the Latin American countries with records of patent applications in the electro-medical equipment sector, Brazil, Mexico and Argentina feature most prominently with 99% of all applications. Compared with the total worldwide production in this sector, they are among the top 40 countries in patent applications, as follows: Brazil (16th), Mexico (25th) and Argentina (40th), led by the USA (1st), Japan (2nd) and China (3rd). Other Latin American countries such as Ecuador (61st), Cuba and Peru (62nd), Uruguay (63rd), Chile, Costa Rica and Panamá (65th) also have a record of patents fi led in this sector, though fairly insignifi cant.
In this regard, the aim of the present study is to identify and analyze the technological production represented by patents in the global electro-medical equipment sector, the biggest producing agents (companies, universities), the relationships between them, the history of production, the positioning of technology and its characterization in Latin America, as compared to other regions.
Methods
This is a descriptive study with an exploratory outline founded on bibliometric procedures and, as proposed by Gil (2002) , it seeks to make it possible to enrich ideas and explain the causal variables of global development in the electro-medical equipment sector, particularly the complex situations in Latin America. The following methodological procedures were adopted:
Collection and Organization of the Data: patent records were retrieved electronically, using the commercial software Matheo Patent, in respect of the global electromedical equipment sector represented, according to the International Patent Classifi cation (IPC), under code A61N (Electrotherapy; Magnetotherapy; Radiation Therapy; Ultrasound Therapy) in the European Patent Offi ce database (Esp@cenet).
Data analysis: all the data were processed and measured using bibliometric and scientometric techniques for evaluating scientifi c and technological production, especially patent production, coined as patent bibliometry (Callon, Courtial, and Penan, 1995) or patentometry (Guzman Sanchez, 1999) . The data were analyzed using the Dataview software appli- Out of the total number of patent applications by companies in this sector, in the countries of Latin America, a heavy predominance of North American companies was noted, with 38% of patents fi led. Brazilian companies and research entities fi gure in second place in total applications, with approximately 25% and specifi cally all the patents are fi led in Brazil. Adding together the applications of Latin American companies assigned to Brazil, Mexico, Argentina, Peru, Cuba, Chile and Uruguay, the Latin America region accounted for 31% of the total applications fi led.
Companies assigned to Germany, Japan, Great Britain, France, Italy, Canada, Israel, Switzerland, Spain, Hungary, The Netherlands, Norway, Sweden and Belgium, were represented signifi cantly with 24% of the total number of companies fi ling applications in this sector in the countries of Latin America. Finally, Asian companies assigned to countries such as Japan, China, South Korea, Russia and Taiwan, correspond to 4% of total applications (Graph 4).
-historical evolution of production: the production of patents in the electro-medical equipment sector fi led in Latin American countries is spread over a period of 37 years . Viewed in terms of years, the production in the sector, with the exception of 1995 and 1996, is marked by a quantitative evolution in patent applications. (Graph 2).
Of the total number of years with patent applications in this sector, two distinct periods can be noted. In the fi rst period, between 1973 and 2001, which represents 50% of the total production, there was an annual average of 29 patents fi led in the countries of Latin America. In the second period, between 2002 and 2010, there is a signifi cant growth in applications in the sector, particularly between 2004 and 2006, years in which production reached a peak and represented 21% of all the years of patent applications. Therefore, in Latin America, the historical evolution of patent production in the sector is marked by a growing evolution in the total number of applications over a period of 37 years, and particularly during the last decade.
-producing agents: a total of 1,113 producing agents were identifi ed of electro-medical equipment with patent applications in the countries of Latin America, an average of 1.5 patents per agent. Out of this total number of applications in Latin America, approximately 98% are producing agents represented by companies or individuals, and 2% universities.
Of the producing universities in Latin America with patent applications in this sector, the applications by North American universities and Brazilian universities dominate with a production of 58% and 25% per university, respectively. Distributed numerically by country, there are 17 North Distributed by country of fi ling, all the A61N subcategories in the IPC were identifi ed in Latin American countries with patent applications in the electro-medical equipment sector. There is a predominance of technologies classifi ed in subcategory A61N 1 (Electrotherapy; Circuits therefor) and A61N 5 (Radiation Therapy) that were fi led in almost all the countries of Latin-America, and in particular Brazil, Mexico and Argentina, representing 99% and 97% in these countries, respectively. In this context, it is noteworthy to see that the electro-medical equipment sector in Latin America is specifi cally concentrated in three countries, namely Brazil, Mexico and Argentina and the technologies fi led encompass electrotherapy and radiation therapy.
Conclusion
It may be concluded that the electro-medical equipment sector in Latin America is in a state of growth, specifi cally in the last decade, with exponential growth in the number of patent applications in the sector, although the region still does not have a signifi cant role to play in the patent application policies of international, and particularly, European countries. The production of patents registered in Latin America in this segment is still negligible when compared to the global total, representing a little over 1% of worldwide production. There is a predominance of technologies that include electrotherapy and radiation therapy, primarily developed by North American companies (38%), then Latin American companies, particularly Brazilian (25%), European and Asian. These companies concentrate mar-NB Countries in Latin America; countries of companies fi ling applications in Latin America.
The distribution of companies in the electro-medical equipment sector with applications in Latin American countries, by country of fi ling, presented a variety of exploitation of protection rights. North American companies fi led patent applications in 9 of the 10 Latin America countries (the exception being Cuba). Amongst these Latin American companies, the largest number of patent applications fi led by North American companies occurs in Brazil and Mexico, both with 17%. In addition, Brazil and Mexico were also the two biggest countries that were the subject of exploitation by other companies assigned to Europe and Asia. Relationships between companies and universities were identifi ed in only 6 patents, including North American companies and universities.
-characteristics of the electro-medical equipment sector: the total production of 1,687 patent applications in the electro-medical equipment sector in Latin America is distributed across all the subcategories that make up the International Patent Classifi cation A61N (Electrotherapy; Magnetotherapy; Radiation Therapy, Ultrasound Therapy), namely: A61N 1 (Electrotherapy; Circuits therefor); A61N 2 (Magnetotherapy); A61N 5 (Radiation Therapy) and A61N 7 (Ultrasound Therapy). Subcategories A61N 1 and A61N 5 were the most frequent classifi cations found amongst the 4 subcategories, representing 60% and 24% of the total number of applications, respectively (Table 2) . The results of the study allow us to meet the proposed objectives, providing evidence of the relative position of the sector and the countries of Latin America in relation to the potential world competition. However, further analysis should be undertaken for a better contextualization of the strategy adopted by companies when selecting the markets in which the applications will be filed and the participation of universities, especially Brazilian universities, in the system of innovation in the sector. Future studies might provide a better understanding of relationships between the stakeholders in the process of innovation in this sector, thus being able to contribute to providing support for science and technology policies for the sector and the improvement in innovation management by companies, as well as policies to encourage cooperation between universities and business.
ket exploitation rights in only a few Latin American companies, particularly Brazil, Mexico and Argentina, which together account for 99% of the total number of patent applications in the sector.
In the case of the North American companies, production is concentrated in 16 companies which represent 18% of producing companies in the area. It is possible, therefore, to deduce that Latin America was not seen as being an attractive market for 82% of technology producing companies in this sector, worldwide. As for patent production in universities filing applications in countries in Latin America, 26 patents (58% of the total) relate to patents of 17 North American universities and 11 (25%) relate to the patents of Brazilian universities. A more detailed analysis of the distribution of these patents shows a higher concentration in production linked to Brazilian universities, in comparison with American universities where the number is more evenly distributed between the various universities, with the following high- 
